Dissolved organic carbon (DOC) distributions along two Atlantic Meridional Transects conducted in 2005 in the region between 471N and 341S showed clear latitudinal patterns. The DOC concentrations in the epipelagic zone (0-100 m) were the highest (70-90 mM) in tropical and subtropical waters with stable mixed layers, and lowest (50-55 mM) at the poleward extremities of the transects due to deep convective mixing supplying low DOC waters to the surface. A decrease in DOC occurred with depth, and lowest DOC concentrations (41-45 mM) in the 100-300 m depth range were observed in the equatorial region due to upwelling of low DOC waters. A strong relationship between DOC and AOU was observed in the s-t 26-26.5 isopycnal layer which underlies the euphotic zone and outcrops at the poleward extremities of the North and South Atlantic Subtropical Gyres (NASG and SASG) in the region ventilating the thermocline waters. Our observations reveal significant north-south variability in the DOC-AOU relationship. The gradient of the relationship suggests that 52% of the AOU in the s-t 26-26.5 density range was driven by DOC degradation in the NASG and 36% in the SASG, with the remainder due to the remineralisation of sinking particulate material. We assess possible causes for the greater contribution of DOC remineralisation in the NASG compared to the SASG.
Introduction
The biological carbon pump (BCP) forms an important component of the global carbon cycle (e.g., Thingstad, 1993; Ducklow et al., 2001; Hansell and Carlson, 2001a; Omta et al., 2006) . Following the synthesis of CO 2 into organic material during photosynthesis, creating a surface water dissolved inorganic carbon (DIC) deficit (Tsurushima et al., 2002) , subsequent processes remove some of this organic matter into the oceans 0 interior where it is remineralised, causing a deficit in dissolved oxygen (Doval and Hansell, 2000; Hansell and Carlson, 2001a; Garcia et al., 2005) . On a global scale, the upper ocean DIC deficit is balanced by a transfer of CO 2 from the atmosphere to the upper ocean, hence the BCP represents a sink for atmospheric CO 2 (Hansell and Carlson, 2001a) . Two mechanisms cause the downward transfer of organic matter: (1) passive sinking of particulate organic carbon (POC), and (2) transfer to depth by overturning circulation at high latitudes or subduction in subtropical gyres of dissolved organic carbon (DOC) that has accumulated in the surface ocean (Hansell, 2002) . The spatial variability of the relative contributions of POC and DOC to carbon sequestration is however largely unclear, which is caused by a paucity of high quality DOC data. Recent DOC observations on US Climate Variability (CLIVAR) cruises in the North Atlantic, Pacific and Southern Ocean have started to redress this issue (Hansell, 2002; Carlson et al., 2010; Hansell et al., 2012) . In this paper we present observations of DOC concentrations in the tropical and subtropical North and South Atlantic Ocean and use them to estimate the relative contributions of the remineralisation of DOC and POC to apparent oxygen utilization (AOU).
DOC is a continuum of labile, semi-labile, and refractory pools, which are increasingly resistant to photochemical and/or microbial breakdown (Kirchman et al., 1993; Hansell et al., 2012) . In the open ocean, DOC originates from in situ biological processes, including plankton exudation/excretion (Collos et al., 1992) , grazing (Søndergaard et al., 2000) , and cell lysis (Nagata, 2000) . However, the ultimate DOC source is primary production , at a reported rate of DOC production equivalent to 4-41% of total integrated primary production, with the highest observed values in oligotrophic waters and lowest in upwelling regions (Teira et al., 2001) . The remineralisation of DOC Contents lists available at ScienceDirect journal homepage: www.elsevier.com/locate/dsri Deep-Sea Research I by heterotrophic prokaryotes is the major removal mechanism (Azam, 1998) , although direct assimilation by some marine eukaryotes (Azam and Hodson, 1977; Sherr and Sherr, 1988) may also be important. Accumulation of DOC in surface waters is therefore dependent on a decoupling of microbial consumption from primary production . In addition, DOC accumulation is dependent on water column stability, with strongly stratified subtropical oligotrophic waters showing the highest potential for accumulation .
The relationship between DOC and AOU, the latter integrating all respiratory processes within a water body since its isolation from the atmosphere, has been intensively studied. Thomas et al. (1995) found a weak relationship in the Equatorial Atlantic (o 700 m), while Hansell et al. (1993) observed no covariation in the Southern California Bight ( o1000 m). However, Abell et al. (2000) found a strong correlation between total organic carbon (TOC¼ DOC þPOC) and AOU in the North Pacific Subtropical Gyre at water depths o350 m. In recent work, Carlson et al. (2010) reported a good correlation between DOC and AOU in the mesoand bathypelagic North Atlantic, and Santinelli et al. (2010) made similar observations for this part of the water column of the Mediterranean Sea.
The reported contribution of DOC degradation to AOU varies considerably from site to site. Thomas et al. (1995) reported that 10-20% of AOU was derived from DOC remineralisation in the upper 700 m of the Equatorial Atlantic. Doval and Hansell (2000) showed that the degradation of TOC contributed to 35-50% and 30-45% of AOU in the South Pacific and the central Indian Oceans, respectively, at depths from 50 to 300 m. Abell et al. (2000) found that 35-80% of AOU can be explained by TOC remineralisation in the upper 350 m in the North Pacific Subtropical Gyre. Hansell and Carlson (2001b) suggested that TOC decomposition accounted for 15-40% of AOU based on a 5-year time series of observations in the 100-400 m depth range at the Bermuda Atlantic Time Series (BATS) site in the Sargasso Sea. Carlson et al. (2010) reported that between 7% and 28% of AOU could be assigned to DOC oxidation in waters below 100 m in the North Atlantic, and Santinelli et al. (2010) reported that 38% of AOU was due to DOC oxidation in the Levantine Intermediate Water of the Mediterranean Sea.
Hence the proportion of AOU derived from DOC remineralisation appears to have a large range, from o20% in equatorial regions to $80% in subtropical gyres. The fraction of AOU attributable to DOC degradation is an index of the relative importance of DOC transfer to depth through overturning circulation and subduction versus particle export. Therefore one would expect regional variability in the importance of particle sinking versus DOC export to the BCP. We analyzed DOC and AOU observations from two Atlantic Meridional Transects. Firstly we report the spatial distribution of DOC concentrations. We then investigate the bulk relationship between DOC and AOU in water masses isolated from the atmosphere. Finally we derive separate DOC:AOU relationships for the two gyres to examine spatial variability in the relative importance of the factors which cause oxygen utilization and hence carbon sequestration in subsurface waters.
Methodology

Sampling
We sampled during Atlantic Meridional Transect (AMT) cruises 16 (19 May-29 June 2005) and 17 (15 October-28 November 2005) onboard the RRS Discovery between South Africa and the UK (Fig. 1) . Water samples for the determination of DOC, oxygen, nitrate plus nitrite and chlorophyll concentrations were collected from 10 to 12 depths in the upper 300 m during daily pre-dawn deployments of a rosette sampler equipped with 24 Â 20 l OTE (Ocean Test Equipment) bottles and a Sea-Bird 911 CTD equipped with a Seabird oxygen sensor. On every third day during AMT-16 we collected samples from a deeper cast down to $ 1000 m.
Dissolved organic carbon
Samples (250 ml) for DOC were filtered immediately through preashed (450 1C, 6 h) Whatman GF/F (0.7 μm pore size) filters using an acid-cleaned glass filtration unit under moderate vacuum (o15 kPa). The filtrate was collected in 20 mL pre-combusted (450 1C, 6 h) glass ampoules, acidified to pH 2 using hydrochloric acid (Fisher, Aristar Grade), flame sealed, and dark-stored in a fridge (4 1C) for subsequent analysis in our shore-based laboratory. Dissolved organic carbon concentrations were determined using a high-temperature catalytic combustion technique with a Shimadzu TOC-5000A analyzer following Pan et al. (2005) . Acidified deep Sargasso Sea water, preserved in glass ampoules and provided by D. Hansell (University of Miami), served as a certified reference material. Our daily analysis of the reference material yielded a mean concentration of 45.271.2 mM (n¼96), which was in good agreement with the certified value of 44-46 mM (Hansell and Carlson, 2001a) . Our analytical precision, based on the coefficient of variation (standard deviation/mean) of consecutive injections (typically 3-5 injections) of a single sample, was typically o1%.
Dissolved oxygen
Water samples were drawn from 4 to 6 OTE bottles into 125 mL calibrated borosilicate glass bottles and fixed immediately using manganous sulfate and alkaline iodide solutions following Robinson et al. (2006) . They were then acidified using sulfuric acid and the liberated iodine titrated against sodium thiosulfate using an automated photometric endpoint detector (Williams and Jenkinson, 1982) . Oxygen concentrations were calculated following Robinson et al. (2006) . The precision (coefficient of variation) for dissolved oxygen analyses, determined by measuring dissolved oxygen from each of 12 OTE bottles fired at the same depth (105 m), was o0.03%. The relationship between the Winkler oxygen concentrations and the Seabird oxygen sensor values for each bottle sampled was evaluated using a model-II regression analysis for each CTD station. The drift of the dissolved oxygen sensor over the course of each cruise was small, with only minor changes between the two cruises. Hence a single regression equation for the Winkler oxygen and Seabird oxygen sensor data (in mmol kg We then applied the regression equations to compute dissolved oxygen concentrations for AMT-16 and -17 for the remaining OTE bottles sampled for DOC, which had not been sampled for dissolved oxygen. Finally, oxygen saturation and AOU were calculated using calibrated CTD data and the solubility equations of Garcia and Gordon (1992) and coefficients of Benson and Krause (1984) .
Nitrate plus nitrite, chlorophyll-a
Micromolar nitrate plus nitrite concentrations were determined on-board ship using a 5-channel segmented flow colorimetric autoanalyzer (Branþ Luebbe, AAIII) following the method of Brewer and Riley (1965) , with a detection limit of 0.1 μM N.
Total chlorophyll-a concentrations were determined fluorimetrically using a Turner Designs TD-700 fluorometer calibrated with pure chlorophyll-a standards (Sigma, UK); full details of the chlorophyll methodology can be found in Poulton et al. (2006) .
Results and discussion
Density structure, inorganic nutrients and chlorophyll-a
Details of the broadscale hydrographic features observed on AMT transects (AMT-1 to -17) are presented in Robinson et al. (2006) . The latitudinal density sections for AMT-16 and -17 showed equatorial upwelling, the NASG and SASG and dense (cold) waters at higher latitudes (Fig. 2a) . Enhanced solar irradiation and high rainfall associated with the Intertropical Convergence Zone (Xie and Saito, 2001; Huffman et al., 1997) were the causes for the low density surface waters in the equatorial region. The surface nitrate plus nitrite concentrations were depleted, with the 1 μM N contour (Fig. 2b) being shallow ( $50-60 m) in temperate waters and in the equatorial region, and relatively deep (4 100-150 m) in the subtropical gyres. Total chlorophyll-a concentrations were typically low ( o0.1 mg m À 3 ) in surface waters throughout the section with a chlorophyll maximum close to the surface near the equator and at the boundaries of the subtropical gyre, and a deep chlorophyll maximum (at $ 100 m) which reached $ 0.3 mg m À 3 in the subtropical gyres (Fig. 2c) .
Dissolved organic carbon and apparent oxygen utilization
On both AMT-16 and -17 cruises, enhanced DOC concentrations (480 μM) were observed in surface (o50 m) waters of the equatorial Atlantic ($151S to $ 151N). On AMT-16 these high values extended to $251S (Fig. 2d) . Away from this equatorial region, DOC concentrations in the epipelagic zone (0-100 m) decreased to ca. 50 μM at the polar extremities of the gyres (Fig. 3) as a result of overturning circulation causing a dilution of DOC concentrations in near-surface waters with low-DOC waters from depth. Equatorial upwelling of deep low DOC waters was evident in the anomalously low DOC concentrations (45-55 mM) observed in the epipelagic zone between 10 and 151N (Fig. 3) ; the low DOC samples were collected below the mixed layer (50-60 m). A vertical gradient was observed in DOC concentrations throughout the latitudinal section. In the equatorial Atlantic the DOC concentrations ranged from 75-88 μM in the upper 40 m, and decreased to 65-70 μM at 100 m and 50-55 μM at 300 m (Fig. 2d ).
In the subtropical Atlantic gyres (SASG between $ 351S and $151S; NASG between $ 151N and $ 351N) DOC concentrations varied from 70-80 μM in the upper 40 m, and decreased to 65-70 μM at 100 m and 50-55 μM at 300 m (Fig. 2d) . Below 1000 m, DOC concentrations were rather uniform, ranging from 43-45 μM (data not shown).
In surface waters, AOU concentrations were close to zero ( 
Labile, semi-labile and refractory DOC pools
The surface ocean DOC pool is composed of fractions with different lability and turnover times. The labile fraction turns over within hours or days (Kirchman et al., 1993) , and is often too small to be reliably quantified using the analytical methods employed in this study. The semi-labile component, which has a turnover time ranging from weeks to years (Carlson et al., 2004; Hansell et al., 2012) , is degraded slowly in the upper ocean with this degradation being responsible for generating the concentration gradients observed in the upper ocean. Biologically refractory DOC is ubiquitous throughout the entire ocean with an average age of 4000 years in the deep North Atlantic to 6000 years in the deep North Pacific (Williams and Druffel, 1987; Bauer et al., 1992) . The concentrations of DOC determined in this study are generally consistent with literature data: Abell et al. (2000) found 65-85 mM TOC in the North Pacific subtropical gyre above 50 m; Hansell and Carlson (2001b) reported 60-70 mM above 100 m and 43.6 mM TOC deeper than 1000 m in the Sargasso Sea at the BATS site; Carlson et al. (2004) observed $ 68 mM DOC in surface waters at Hydrostation S and the BATS site. Carlson et al. (2010) observed DOC concentration maxima of ca. 76-80 mM in the NASG and minima of $ 40-44 mM at 1000 m in the North Atlantic. Assuming the DOC concentrations we observed at 1000 m were characteristic of the refractory pool (i.e., 44 μM), our data suggest that 55-80% of DOC in the upper 40 m was in the refractory pool. It is noted that the deep water DOC concentrations decrease as water ages increase along the deep water circulation path from the North Atlantic (e.g. 48 mM in Greenland Sea) to the North Pacific (34 mM in Gulf of Alaska) . Other studies have suggested that refractory DOC accounts for 62-88% of the bulk DOC pool (e.g. Carlson and Ducklow, 1995; Ogawa et al., 1999; Hansell and Carlson, 2001b) .
3.4. Spatial variability of AOU derived from DOC in subsurface waters (s-t 26-26.5)
In order to determine the fraction of AOU in the oceans 0 interior which can be related to the remineralisation of DOC, we compared DOC and AOU in discrete density layers isolated from the atmosphere, so that changes in oxygen concentration only occur due to organic matter remineralisation and not to air-sea exchange. We assume that variability of DOC and AOU within the waters considered is due only to the remineralisation of DOC and the associated generation of AOU, not to the mixing of various water masses (see below). Therefore the density range considered needs to be as narrow as possible, commensurate with having sufficient data to perform statistically robust analyses. We therefore only consider samples from the deep isopycnal layer s-t 26-26.5 (Fig. 4a) , as the isopycnal s-t 26 approximates the depth of the 2 mmol kg À 1 AOU isoline at both the southern and northern ends of the transect (Fig. 2e) . We performed a model-II regression analysis between DOC and AOU for the entire dataset, as separate analyses of the individual cruise datasets revealed that they were statistically indistinguishable. The best fit equation was DOC ¼ À0:149 7 0:017AOU þ 62:909 7 0:835 ðr ¼ À0:263Þ:
The relationship between DOC and AOU can be used to evaluate the fraction of oxygen consumption related to DOC by comparing it to the slope which would occur if all the oxygen consumption was related to the remineralisation of DOC. The stoichiometric relationship between oxygen consumption and inorganic carbon production as a result of organic matter remineralisation can be expressed as a molar ratio (i.e., ΔC:ΔAOU¼ À0.72; Anderson, 1995) . We used this fixed ratio of À 0.72 to allow comparison with values reported in the literature (Doval and Hansell, 2000; Carlson et al., 2010) , whilst acknowledging that a range of ratios exist due to the nature of the organic matter respired (Thomas, 2002) . The gradient of DOC versus AOU indicates that only a relatively small fraction (20%; À0.149 divided by À 0.72) of the AOU within the density range s-t¼26-26.5 is driven by DOC remineralisation over the entire tropical and subtropical Atlantic Ocean, with the inference being that all, or nearly all the AOU is derived from particle decomposition. The contribution of zooplankton respiration to oxygen utilization is hard to quantify, in part due to the dynamic behavior of vertically migrating organisms. Del Giorgio and Duarte (2002) estimated the contribution as 5% of total microplankton respiration occurring in photic and thermocline waters, and consequently significantly smaller than POC remineralisation.
However, we note that Fig. 4a contains two distinct data clusters and hence a simple linear regression for the entire dataset may be inappropriate. We have therefore separated the two clusters of data by considering separately data points with AOU470 mmol kg À 1 and those with AOUo70 mmol kg À 1 . The former cluster is thought to reflect more refractory upwelled DOC contained within the s-t 26-26.5 isopycnal layer around the equatorial upwelling between $ 101S and $ 151N. In this region DOC hardly contributed to oxygen consumption and hence we did not observe a significant correlation between DOC and AOU (Fig. 4a) . The removal of data points with AOU470 μmol kg À 1 produced a new regression between AOU and DOC in the subtropical regions: DOC¼ À0.33270.035AOUþ 66.06571.038 (r¼ À0.460) (Fig. 4b) . This suggests that 46% of oxygen consumption is derived from DOC degradation in the subtropical Atlantic region within the isopycnal layer of s-t 26-26.5. However, this bulk estimate conceals significant spatial variability.
Regional variability of AOU derived from DOC
In Fig. 5a and b the DOC and AOU data derived from the North and South Atlantic Gyres are separately presented. In the NASG (Fig. 5a) Fig. 5b ). Thus in the NASG 52% of oxygen consumption utilizes DOC, while in the SASG the DOC contribution is 36%. The slopes of the model II regressions were statistically different, as demonstrated using an ANOVA test which yielded a F statistic value of 5.88 Â 10 29 and a p value of 0. We assume that isopycnal mixing does not have an important influence on the contribution of DOC remineralisation to AOU in the isopycnal layers of s-t 26-26.5 in the NASG and SASG thermocline waters observed along our cruise tracks, and thereby does not contribute to the observed differences between the gyres. The main watermass in our studied depth range in the South Atlantic is the Western South Atlantic Central Water (WSACW) . The generated Model II regression for Fig. 4b is given in the main text. which is formed in the southwestern portion of the SASG and dominates the upper thermocline (above 500 m) (Poole and Tomczak, 1999) . The WSACW is separated by strong water column stratification from Eastern South Atlantic Central Water (ESACW; at depths $ 500-900 m) formed in the Indian Ocean (Poole and Tomczak, 1999) . North Atlantic Central Water (NACW) constitutes the main watermass in the North Atlantic, being formed in the North East Atlantic (north of $ 401N) (Poole and Tomczak, 1999) . Whilst a cross equatorial western boundary flow of ESACW and WSACW penetrates into the North Atlantic supplying the thermocline waters of the Gulf of Mexico (Poole and Tomczak, 1999) , further east a sharp front throughout the thermocline at $ 151N separates the ESACW and WSACW from the NACW. Therefore, along our cruise tracks the deep isopycnal layers of s-t 26-26.5 in the chosen latitudinal range for the NASG ($ 15-351N) can be considered to contain predominantly (485-90%) NACW, and the SASG ($ 15-351S) only contains WSACW as NCAW does not penetrate south of the equator (Poole and Tomczak, 1999) . This is confirmed by potential T-S diagrams (not presented) which show a clear separation of waters in the NASG and SASG, with those in the former associated with T and S characteristics reported by Poole and Tomczak (1999) for the NACW and the latter with those of the WSACW. Furthermore, through analysis of salinity fields, Armi and Stommel (1983) showed that lateral mixing was small in the NASG, observations confirmed by Jenkins (1982) . Any transfer of WSACW to the waters in the NASG isopycnal layers of s-t 26-26.5 would result in a lowering of the contribution of DOC to AOU, and hence our observation of a significantly higher DOC contribution to AOU in the NASG compared with the SASG is not the result of isopycnal mixing processes.
The explanation for the differences in DOC contribution to AOU between the NASG and SASG may lie in the relative depths of the s-t 26-26.5 density range in the two gyres. In the SASG, the greatest depth that the sigma s-t 26 reaches is 200 m, approximately 50-100 m deeper than in the NASG (Fig. 2a) . The relatively greater depth of the SASG is further illustrated by the Argo float derived maximum mixed layer depth climatology (Fig. 6a) , determined on 11 Â 11 grid cells as the mean of the five deepest recorded mixed layer depths since 2000, using a density threshold mixed layer depth (0.03 kg m À 3 ) (Holte et al., 2010) .
The majority of the DOC respired in the s-t 26-26.5 density range has penetrated the gyre via transport along the isopycnals, a small component could potentially have come from the water column above via diapycnal mixing. Any semi-labile DOC produced in the upper water column which has entered the s-t 26-26.5 region via diapycnal mixing would need to have mixed much deeper away from its production region in the upper ocean (i.e., euphotic zone) in the SASG than in the NASG to penetrate the density range considered. During this process it is likely that the semi-labile fraction of the DOC pool would have been respired, potentially causing the pattern observed. We have tested this possibility by considering water mass ages in the s-t 26-26.5 density range. The observed asymmetry in the maximum mixed layer depth between NASG and SASG is not reflected in CFC (chlorofluoro carbon) water mass ages (Fig. 6b) for the s-t 26-26.5 density range, which indicate comparable age structures along the transit pathways in this density range for the two gyres. We furthermore considered the region of the water column below the s-t 25.5 isopycnal in the SASG, which is positioned at about the same depth as the s-t 26 isopycnal in the NASG. The gradient in the SASG of the regression equation for DOC against AOU in the density range s-t 25.5-26.5 is still lower than the value in the north: DOC¼ À 0.32570.028 AOUþ64.08770.611 (r¼ À0.575) . This implies that 45% of the AOU was caused by DOC utilization for this density range in the SASG. Thus whichever density range is considered, the result that DOC remineralisation is more important in the northern gyre holds out. Our observation that diapycnal mixing does not have an important influence on the contribution of DOC to AOU in the SASG thermocline waters is reinforced by findings from Poole and Tomczak (1999) who reported a strongly stratified thermocline with clearly separated WSACW and ESACW. Furthermore, diapycnal mixing in the thermocline of the North Atlantic is also weak (indistinguishable from zero) (Speer, 1997) . We now discuss possible causes for the observed difference in behavior.
We consider two possibilities. The first is that our sampling pattern of the two gyres in relation to the regions where they are ventilated is different. The subtropical gyres are ventilated by windinduced Ekman downwelling as a result of the gyre circulation. The wind-induced subduction is augmented by lateral transfer of fluid particles across the sloping base of the mixed layer (Williams, 2001; Williams et al., 2006) . The winter mixed layer thickens in a poleward direction as a result of transient surface buoyancy loss, with an increase from ca. 50 m in the tropics (151N) to 500 m or more in the subpolar gyre (e.g. at 501N) (see Fig. 6a ). As a consequence, at the polar extremities of the subtropical gyres, regions of enhanced subduction rates occur that are controlled by the Lagrangian change in mixed layer thickness following the horizontal gyre circulation (Marshall et al., 1993) . Observations of tritium-helium ages in the North Atlantic indicated that the density surface s-t 26.5 in the NASG is ventilated from the northeast with a gradual aging of the tracer following the anticyclonic circulation of the gyre (Jenkins, 1987) . Our sampling pattern of the two gyres was similar with a section into the gyre oblique relative to the zonal ventilation gyre boundary. However this is a somewhat subjective way to address this issue. We therefore examine the spatial distribution of CFCs in the two gyres (Fig. 6b) . The CFC-12 ages in the two gyres were broadly similar (o1 to ca. 10 yr) (Fig. 6b) indicating that the waters we sampled in the two systems were of comparable age.
The second possibility we consider is variability in the biogeochemical characteristics of the waters in the subduction regions.
The subduction process fills the s-t 26-26.5 density space with waters aging along the transit pathway until they ventilate at the equator. If the concentrations of labile DOC in the two water masses as they subduct are different, with the SASG having lower values, then this could explain the relatively low contribution of DOC remineralisation to AOU in the SASG compared to the NASG.
We investigated this by examining the values of DOC found at low values of AOU in Fig. 4b . Values of DOC in the SASG are lower (ca. 58 mM) than those in the NASG (ca. 64 mM) implying that a greater fraction of the semi-labile DOC has been metabolized prior to subduction in this region, assuming that levels of refractory DOC are similar in the two regions. Whilst this assumption is likely to be correct we cannot formally test it because refractory DOC levels are operationally defined.
Along the AMT transect, maxima occur in abundance of bacterioplankton at the northern and southern margins of the gyres (Zubkov et al., 2000) as nutrient rich water is supplied to the photic zone, stimulating higher levels of productivity before being subducted into the oceans interior. However the maxima in bacterioplankton abundance are broader (i.e. cover wider latitude ranges) in the southern hemisphere compared to the north (Zubkov et al., 2000, Fig. 5) . This is consistent with a higher fraction of any semi-labile DOC produced being metabolized prior to subduction in the southern hemisphere.
A possible mechanism which may lead to lower levels of semilabile DOC being entrained into the SASG compared to the NASG involves differential nutrient limitation of bacterial DOC consumption in the two environments. Previous work has shown that inorganic nutrient limitation prevents bacteria from utilization of organic matter and contributes to DOC accumulation (Rivkin and Anderson, 1997; Tanaka et al., 2009) . Nitrogen and phosphorus co-limitation of bacterial communities has been reported by Mills et al. (2008) for the oligotrophic North Atlantic. Furthermore, much higher bacterial production responses to organic matter additions have been observed in ship-board bottle experiments in the South Atlantic compared with the North Atlantic, with North Atlantic bacterial communities only responding upon a mixed addition of inorganic and organic nutrients (Martinez-Garcia et al., 2010) . These observations have been linked to the basinscale nutrient divide in the Atlantic with very low levels of surface water nitrate (573 nM) in the North and South Atlantic, but much lower phosphate (ca. 974 nM) in the North compared to the South (210760 nM) , AMT-17 nutrient data). The higher phosphate availability in the South Atlantic would facilitate enhanced bacterial productivity given the relatively enhanced P-content of bacterial biomass (Norland et al., 1995) and the obligatory requirement by bacteria to use phosphorus for lipid metabolism (Van Mooy et al., 2006 .
Lastly, differences in DOC quality could potentially drive the observed trends in AOU:DOC ratios between the NASG and SASG. We therefore investigated spatial variations in DOC quality as derived from observations of chromophoric dissolved organic matter (CDOM) and fluorescent DOM (e.g. Jorgensen et al., 2011; Nelson et al., 2010; Kitidis et al., 2006) , and analyses of the molecular composition of DOM (Flerus et al., 2012) . The results by these workers indicate evidence of regional differences in the Atlantic Ocean, but unfortunately insufficient data are available for these variables to specifically compare the NASG and SASG.
Conclusions
The fractional contribution of DOC remineralisation to AOU in layers isolated from the atmosphere varies within the Atlantic Ocean. In the NASG 52% of AOU is due to DOC remineralisation compared with 36% in the SASG. We speculate that this is due to more labile DOC entering the northern thermocline than the southern one, possibly due to nutrient limitation of bacterial productivity in the northern subduction zone. Regardless of its cause, the difference in behavior in the two subtropical gyres has an important practical consequence. DOC transfer in layers isolated from the atmosphere appears to be a less significant route for carbon export in the SASG compared with the NASG. The controlling factors for the latitudinal variations in DOC mineralization warrant further investigation, as future changes in surface ocean temperature, water column stratification and nutrient supply to the surface oceans may affect DOC export from the surface ocean.
